Techical Field 

The present invention generally relates to vehicle 
coolers, and in particular to the design of fluid convey- 
ing tubes included in such coolers. 
Background Art 

One type of vehicle cooler, which is, for instance, 
disclosed in EP-A1-0 590 945 and which is* joined by 
brazing, comprises a heat exchanger assembly which com- 
prises on the one hand a row of flat fluid conveying 
tubes, which are juxtaposed to be passed by a first 
fluid, for instance, liquid circulating through an en- 
gine block and, on the other, surface-enlarging means 
arranged between the tubes and adapted to be passed by 
a second fluid, e.g. cooling air. Each tube has opposite 
large faces, to which the surf ace-enlarging means are 
applied and which form the primary heat exchanging sides 
of the tube. Since for reasons of strength the large 
faces of the tubes cannot have an optional width, the 
heat exchanger assembly is generally made up of several 
parallel rows of tubes, which are successively arranged 
in the flow direction of the second fluid through the 
heat exchanger assembly. Therefore, between each pair of 
rows there is a dead zone in which there is no heat ex- 
change between the fluids. This dead zone can consist of 
up to 10-15 % of the total depth of the heat exchanger 
assembly. 

In order to increase the heat exchanging capacity of 
the vehicle cooler, it is known to provide each tube with 
several internal, parallel channels or ducts, which are 
mutually separated by a thin partition wall. The width of 
the tubes can thus be increased while maintaining the 



strength, and the vehicle cooler can be formed without 
said dead zone. Such a "multichannel tube" is, for in- 
stance, known from EP-B-0 646 231. 

There is, however, a constant need of improving the 
capacity of heat exchange in vehicle coolers, -especially 
as there is limited space for vehicle coolers in today's 
vehicles at the same time as the need for cooling is in- 
creasing, in particular in trucks. An improved capacity 
of heat exchange can be used to increase the cooling ef- 
ficiency of a cooler having a given size or to reduce the 
size of a cooler having a given cooling efficiency. 
Summary if the Invention 

It is an object of the invention to provide a fluid 
conveying tube and a vehicle cooler which for a given 
size have a better capacity of heat exchange than ordi- 
nary constructions. 

It is also an object to disclose a simple technique 
of manufacturing such a fluid conveying tube at a rela- 
tively low cost and with a low degree of rejection. 

These and other objects, which will appear from the 
description below, have now been achieved by means of a 
method and a device for manufacturing according to ap- 
pended claims 1 and 5, respectively, as well as a fluid 
conveying tube and a vehicle cooler according to appended 
claims 10 and 14, respectively.. Preferred embodiments are 
defined in the dependent claims. 

The surface structure which is formed on the inside 
of the fluid conveying tube serves to break up the lami- 
nar boundary layer which has an insulating effect and 
which tends to form adjacent to the primary surfaces of 
the tube in the fluid flowing through the tube. Thus, the 
surface structure contributes to further improving the 
capacity of heat exchange of the tube, in particular at 




low flow rates of fluid through the tube, without any 
substantial increase of the pressure drop in the fluid 
flowing through the tube. 

By the inventive manufacturing technique, the tube 
can be formed in one piece starting from a blank of metal 
material in a simple and cost-efficient manner. 

According to a particularly preferred embodiment of 
the inventive manufacturing technique, the blank is pro- 
vided with the surface structure only after the forming 
of two upright edge portions along two opposite edges of 
the blank. This minimises the risk of irregularities 
t occurring in the outer edges of the blank during the 
forming of the surface structure on the surface of the 
blank, because the material of the blank has a certain 
tendency to skew when forming the surface structure. 
Since the outer edges of the blank are subsequently 
brought into abutment against the web portion for de- 
fining the ducts, such irregularities could make it 
necessary to reject the tube due to leakage between the 
ducts . 

Brief Description of the Drawings 

The invention and its advantages will now be de- 
scribed in more detail with reference to the accompa- 
nying schematic drawings, which by way of example show 
currently preferred embodiments of the present invention. 

Fig. 1 is an end view of a fluid conveying tube 
according to the invention. 

Figs 2-6 are top plan views of a part of fluid con- 
veying tubes according to different variants of the pres- 
ent invention. 

Fig. 7 is a side view of an inventive device for 
manufacturing a fluid conveying tube. 
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Figs 8a- 8e are end views of a blank during the work- 
ing of the same to form a fluid conveying tube, the re- 
spective end views being taken in the positions a-e in 
Fig. 7. 

Fig. 9 is a side view of a variant of the device in 
Fig. 7. 

Description of Preferred Embodiments 

Figs 1-6 show preferred embodiments of a fluid con- 
veying tube according to the invention. The tube is suit- 
ably made of a metal material, usually an aluminium mate- 
rial. As seen in Fig. 1, the tube is flat and has two 
opposite large faces 1, 2, which are substantially flat. 
The large faces 1, 2 are connected via two opposite, 
curved short sides 3, 4. When the tubes are mounted in 
a vehicle cooler, surface-enlarging means (not shown) , 
for instance folded laminae, are brought into abutment 
against the large faces 1, 2. The principal heat exchange 
between the medium flowing through the tubes and the me- 
dium flowing through the surface-enlarging means about 
the outside of the tubes thus takes place via these large 
faces 1, 2. The tube internally defines two parallel 
ducts 5, 6, which are separated by a partition wall 7 and 
extend in the longitudinal direction of the tube between 
its ends. The large faces 1, 2 form two opposite primary 
heat exchange surfaces 1 ! , 2' in eiach duct 5, 6. 

As appears from Figs 2-6, the primary surfaces 1', 
2 ' are provided with a surface structure in the form of 
a number of projecting, turbulence-generating elements 8, 
which are called dimples. These dimples 8 can have an 
optional design and be placed in an optional pattern on 
the primary surfaces l 1 , 2'. Figs 2-6 show, by way of 
example, different variants of the surface structure of 
the primary surfaces l f , 2 1 of the tube, the dimples 8 



on the upper primary surface 1' being indicated by full 
lines and the dimples 8 on the lower primary surface 2' 
being indicated by dashed lines. In all cases, the 
dimples 8 on the upper and lower primary surfaces 1', 2' 
are relatively offset, in such manner that the tube lacks 
opposite dimples 8 in cross-section. This reduces the 
risk of clogging in the tube. Furthermore, the dimples 8 
form laterally extending rows 9 on the respective primary 
surfaces l f , 2'. These rows 9 are alternat ingly arranged 
on the upper and lower primary surfaces 1 ' , 2 ' , seen 
in the longitudinal direction L of the tube. 

According to the variants in Figs 2 and 3, the 
dimples 8 are elongate and inclined relative to the 
longitudinal direction L of the tube. Within the re- 
spective rows 9, the dimples 8 are mutually parallel. 
Seen in the longitudinal direction L, i.e. in the main 
flow direction of a fluid through the tube, successively 
arranged dimples 8 are alternatingly arranged on the 
upper and lower primary surfaces 1', 2.'. According to the 
variant in Fig. 2, such successively arranged dimples 8 
are inclined at a given mutual angle, and according to 
the variant in Fig. 3 they are mutually parallel. 

According to the variants in Figs 4-6, the rows 9 
of dimples 8 on the upper and lower primary surfaces 1 1 , 
2' are laterally relatively offset, so that succeeding 
dimples 8, seen in the longitudinal direction L, are 
only arranged on the upper or the lower primary surface 
l 1 , 2 ! . In Figs 4 and 5, the dimples 8 are triangular and 
circular, respectively, in cross-section parallel with 
the primary surfaces 1', 2'. In Fig. 6, each dimple 8 is 
elongate and arranged to extend parallel with the longi- 
tudinal direction L of the tube. 



Below, an inventive device for manufacturing a tube 
according to Figs 1-6 will be described in connection 
with Figs 7-8. The device is designed to reshape a sub- 
stantially flat blank or band 20 of a metal material, 
preferably -an aluminium material, into a tubular section 
by successive folding operations. In the device, the band 
20 passes between a number of pairs of driven shafts, 
which are adapted to feed the band 2 0 through the device 
and are provided with profiling tools. When introduced 
into the device, the side faces or edges of the band 2 0 
are substantially parallel with the feeding direction of 
the band, which is indicated by arrows M in Fig. 7. The 
device has a first station 30, in which the profiling 
tools fold the side faces of the band 20 substantially 
perpendicularly to the principal plane of the band. As 
appears from Fig. 8a, after the first station 30 the 
band 2 0 has two upright elongate edge portions 21, 22 
and an intermediate flat web portion 23. 

In a subsequent, second station 40, the web portion 
23 of the band 20 is provided with dimples 8 in a given 
pattern, for instance, one of the patterns which are 
shown in Figs 2-6. The band 20 then passes between one or 
more combinations of a rotating abutment member 41 and a 
rotating shaft 42 having projections on its peripheral 
surface 43 . While moving continuously through the second 
station 40, the band 20 is thus plastically deformed so 
that pits are formed on one of its sides and corre- 
sponding projections on its opposite side, as appears 
from Fig. 8b. It should be noted that the surface struc- 
ture is very exaggerated in Figs 8a- 8e for the sake of 
clarity. 

The device has a subsequent, third station 5 0 in 
which profiling tools successively fold the web portion 



23 to form the two ducts 5, 6 (see Figs 8c-8e) . In this 
embodiment, the upright edge portions 21, 22 are arranged 
against each other to form the partition wall 7 between 
the ducts 5, 6 (cf. Fig. 1). In addition, as shown in 
Fig. 1, the outer ends of the edge portions 21, 22, i.e. 
the longitudinal outer edges of the band 20, are applied 
against the web portion 23. It will be understood that a 
high degree of precision is required to ensure satisfac- 
tory engagement of these outer edges with the web por- 
tion 23 along the entire tube. 

After the third station 50, there is preferably a 
cutting station (not shown) , in which the formed tubular 
section is cut into desired lengths. However, it should 
be noted that, as an alternative to the above blank in 
the form of a continuous, elongate band, the blank can 
consist of substantially flat plates of a suitable dimen- 
sion, which in the inventive device are formed into 
tubular sections of a given length. In this case, the 
cutting station can thus be omitted. 

According to an alternative embodiment/ which is 
shown in Fig. 9, the second station 40 1 comprises one 
or more combinations of an abutment member 41 1 and a die 
42'. The latter is movable perpendicularly to the band 20 
to engage with the same. In contrast to the device in 
Fig. 7, the band 2 0 is indexed into the second station 
40', in which the stationary band 20 is then deformed 
plastically, so as to form pits on one of its sides and 
corresponding projections on its opposite side. Other- 
wise, the device in Fig. 9 is identical with the device 
in Fig. 7 and will therefore not be described in more 
detail . 

The tubular section discharged from the device in 
Fig. 7 or 9, is subsequently joined to form a tube by 
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brazing in a furnace. It will be appreciated that the 
tubular section at least partially comprises filler 
material to form connecting brazing joints. Suitably, 
a filler material is applied by rolling on both sides 
of the blank from which the tubular section is made. 

It is preferred that the tubular sections, together 
with the other components included in a vehicle cooler, 
are mounted to form an assembly, which is subsequently 
introduced into a brazing furnace to form a vehicle 
cooler in one single brazing operation. The tubes are 
thus formed at the same time as the rest of the vehicle 
cooler . 

It should be noted that the inventive tube is ap- 
plicable to all types of vehicle coolers having tubes 
arranged in parallel for cooling fluids, i.e. liquids or 
gases, such as liquid coolers, charge-air coolers, con- 
densers and oil coolers. 



